Twelve ruminally, duodenally, and ileallycannulated Hereford heifers (average initial BW 313 f 20 kg) were used in a replicated experiment to evaluate dairy food processing wash water solids (WWS) as a protein source. Heifers were fed 2.8 kg of chopped (7.6 cm) hay and one of three supplements (1.5 kg/d, DM basis). Supplements were formulated to be similar in energy and contained 1.0 (control), 23.2 ( W W S ) , and 21.6% (soybean meal, SBM) CP on an OM basis. Total N and nonammonia N entering the duodenum (gld) were greater (P c .lo) for heifers fed WWS and SBM supplements than for controls. Bacterial N flow (g/d) at the duodenum was less (P < .lo) for controls (43.9) than for W S -(63.9) and SBM-(69.9) supplemented heifers. Feed escape N (g/d) was greater (P e .lo) for WWS-fed heifers than for those fed SBM (32.1 vs 20.7 gld, respectively). Total tract N digestion (g/d) was greatest (P < .lo) for SBM, intermediate for WWS, and least for control heifers. Microbial protein synthesis (g/kg of OM intake) was enhanced (P < .lo) by WWS and SBM supplementation, but efficiency of synthesis @/kg of OM fermented) did not differ among treatments. Essential amino acid (AA) disappearance in the s m a l l intestine (g/d) was less (P < .lo) for control than for the other two treatments. Nonessential AA disappearance was greatest (P < .lo) for the WWS and least (P c .lo) for the control treatment. Based on our short-term feeding data, WWS can be used as a protein source for ruminants, but N availability of WWS seems less than that of soybean meal. 
Introduction
Recycling nutrients contained in various wastes and by-products by feeding them to ruminants allows for pduction of quality products from an otherwise underutilized m e of nutrients. There has been considerable previous research in feeding wastes and by-products (Lucas et al., 1975; Kienholz et al., 1979; Beszedits and Lugowski, 1981; Kellems et al., 1981; Hallford et al., 1982; Prior et al., 1986 ). Major concerns associated with feeding wastes center on nutrient availability (Berger et al., 1981) and potential toxicological effects on animals (Sanson et al., 1984; Telford et al., 1984) .
Zinn et aL (1988) reported that dried wash water solids (WWS) from a fluid mi& processing plant were safe when evaluated for organic and inorganic pollutants. May et al. (1988) reported that WWS contain approximately 35% CP and that 70% of the N associated with this product was in amino acid form. Caton et al. (1989) concluded that feeding 10% WWS had little adverse effect on lambs fed medium-concentrate diets. In experiments with beef heifers fed mediumquality orchardgrass hay and supplements based on WWS, heifers gained faster than control heifers fed energy only (Caton et al., 1991) .
Objectives of our experiment were to evaluate the influence of feeding WWS on ruminal microbial protein synthesis and h ctional duodenal N flow. Amino acid flow and disappearance in the small intestine also were WalUated.
Materlals and Methods
Twelve Hereford heifers (average initial BW 313 f 20 kg) fitted with indwelling ruminal, duodenal, and ileal cannula (Caton et al., 1991) were used in two trials to evaluate the value of WWS as a supplemental protein source. Heifers were fed 2.8 kg (DM basis) of chopped orchardgrass hay in two equal portions at O900 and 1700. In Trial 1, heifers were assigned randomly to one of three supplement treatments. Trial 2 heifers were allotted to the same three treatments ensuring that heifers did not receive the same treatment they did in Trial 1. Supplements were formulated to provide similar energy (.23 kg gain-heifer'&', NRC 1984) and were fed (1.6 kg-heifer'&', fresh basis) in equal portions 30 min before offering forage. Sup plements were described in detail elsewhere (Caton et al., 1991) . Nitrogen fractions and amino acid composition of both the hay and supplements are shown in Table 1 .
Individually stanchioned (1.9 m x 1.1 m) heifers were allowed a minimum of 14 d of adaptation to diets before initiation of a 6 4 collection period. The Samples of whole ruminal contents taken at 2330 were divided into two portions. The first portion was analyzed for pH and strained through cheesecloth; as with samples taken at other times, the fluid portion was kept for analysis of VFA, Co (used as a fluid-phase marker), and ammonia concentrations (Caton et al., 1991) . The second portion (approximately 1.5 liters) was frozen at -20'C until bacterial cells could be isolated and analyzed for chemical composition.
Laboratory Analyses. Duodenal and ileal samples were lyophilized and composited on an equal-weight basis. Fecal samples were dried at 5O'C in a forced-air oven and composited on an equal-weight basis within animal across sampling time. Duodenal, ileal, fecal, feed, and bacterial samples were analyzed for DM, ash, and N by standard procedures (AOAC, 1984) . Analyses of NDF and ADF were conducted by nonsequential methods of b r i n g and Van Soest (1970). Addition of a-amylase7 was used to hydrolyze starch in feed samples to minimize starch interference in the analysis of NDF. Feed samples were analyzed for soluble N by the .15 M NaCl procedure of Waldo and b r i n g (1979) . Amino acid N was calculated by summing the N contribution from each individual amino acid Duodenal samples were analyzed for ammonia by distillation with magnesium oxide (AOAC, 1984) .
Whole ruminal contents were thawed at room temperature and homogenized in a blender. Bacterial samples were isolated by differential centrifugation, and the purine content of isolated bacterial cells and duodenal digsamples was determined ( Z i n n and Owens, 1986). purineto-microbial N ratio was used to estimate microbial N flow at the duodenum. Feed escape N (included some endogenous and protozoal N) was estimated by subtracting duodenal ammonia and bacterial N flow from total duodenal N flow. Digestible N intake was calculated by multiplying apparent total tract N digestion by daily N intake. Organic matter truly fermented was estimated by subtracting feed OM flow from OM intake. 
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"Phe = phenyfalanine, Val = valine, Trp = tryptopbm, Thr = threonine, ne = isoleucine. Met = methionine. His = histidine, Arg = arginiec, Lys = lysine, Lcu = leucine, Cys = cystine, Tyr = tyrosine, Sa = serine, Asp = aspartic acid, Glu = glutamic acid, Pro = prolint, Gly = glycine, and Ala = alanim. WWS = wash water solids, SBM = s o y b meal.
bNot detectable for control supplement.
Duodenal, ileal, and fecal samples were analyzed for Cr concentration by primary digestion with concentrated nitric acid, followed by secondary digestion with a mixture of sodium molybdate, sulfuric acid, and perchloric acid (Hill and Anderson, 1958) , and quantified by atomic absorption spectroscopy8 using an air plus acetylene flame. mows were calculated by dividing Cr dose by Cr concentration in digesta from duodenal, ileal, and rectal samples.
Hay, supplement, and intestinal samples were predigested with performic acid to stabilize methionine and cystine and then were acid-hydrolyzed ( 
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on an amino acid analyzerg (Raymond and Dunmire, 1981) by Experiment Station Chemical Laboratories'o. separate digestion promdures were conducted for tryptophan (Holz,
1972).
Statistical Analyses. Data were analyzed as a replicated, completely random design (Cochran and Cox, 1957) , resulting initially in 24 observations. In Trials 1 and 2, one heifer was removed because of reduced intake and intestinal flow. An additional heifer was removed from Trial 2 because of reduced intake. Therefore, the resulting number of observations was 21 (seven per treatment). D a t a are presented as least squares means. The statistical model included effects of treatment, trial, and treatment x trial interactions. Some treatment x trial interactions were noted, but when interactions were plotted, they seemed to result from differences in magnitude and not differences in treatment ranking across trials; hence, data were pooled across trial. In Digestion, % of entering *SE = Standard error of treatment means, n = 7 (one data point missing from each treatment).
bcontrol differed from mean of ws and SBM (P c .IO).
'WWS differed from SBM (P < .lo).
addition, orthogonal contrasts were conducted (SAS, 1985) comparing control (C) vs WWS + soybean meal (SBM) and WWS vs SBM.
Results and Dlscusslon
Nitrogen fractions and amino acid composition of the hay and supplements are shown in Table 1 . Formulation and chemical composition of the diets have been reported previously (Caton et al., 1991) . Nitrogen fraction data revealed that although supplements based on WWS and SBM were formulated to be similar in N content, actual values varied (3.72 vs 3.45% for WWS and SBM, respectively). The WS-based supplement had numerically lower soluble N values (.72%) than the SBMbased supplement (1.04%). Soluble and insoluble N fractions for SBM-based supplements agree with those reported by Waldo and Goering (1979) for soybean meal, this was expected because over 85% of the N in SBM supplement was from SBM.
Amino acid composition of supplements (%, OM basis) are shown in Table 1 . Essential and nonessential amino acids (EAA and NEAA, respectively) were numerically less for WWS than for SBM-based supplements. Greatest numerical differences in individual EX4 between WWS-and SBM-based supplements were found for tryptophan, methionine, histidine, arginine, and lysine. Specifically, tryptophan, histidine, arginine, and lysine were 22.1, 27.6, 19.2, and 24.6% less, respectively, in the WWS supplement than in the SBM supplement. Lower intakes of histidine and lysine for the WWS treatment could be a potential problem because these have been suggested to be first-limiting amino acids for ruminants (Owens and Bergen, 1983) . Conversely, the WWS supplement contained 26.0% more methionine than the SBM-based supplement. Control supplement (com-starchbased; Caton et al., 1991) contained numerically less E M and NEAA than did the WWSor SBM-based supplements.
Nitrogen intake (Table 2) was different (P c .lo) among treatments. Because intake on a fresh-weight basis was fixed, differences in N intake are a result of differences in DM, ash, and N contents of supplements. Large differences in N intake have been shown to result in differences in N digestion, microbial protein synthesis, and amino acid flow to the duodenum (Merchen et al., 1986) . It is unlikely, however, that the slight difference in N intake between WWS (91.2; g/d) and SBM (86.9, g/ d) would significantly influence N digestion kontrol differed from the mean of WWS and SBM (P c .lo). " W S differed from SBM (P C .IO).
and digestive processes (Bowman and Paterson, 1988).
Total N (gld) entering the duodenum was least (P < .lo) for C-supplemented heifers; this was a result of lower N intake by Csupplemented heifers than by the other two treatments (Table 2) . Total duodenal N flow ments. No differences among treatments were noted in duodenal ammonia N flow. Nonammonia duodenal N flow did not differ between SBM-and WWS-supplemented heifers, but it was greater (P < .lo) for these two treatments than for C heifers. Bacterial N flow at the duodenum was lower (P e .lo) in C-than in WWS-and SBM-supplemented heifers. Feed escape N Vable 2) was greatest (P < .lo) in WWS-, intermediate in SBM-, and lowest in C-supplemented heifers. These data agree with previous research with sheep (Caton et al., 1989) and suggest that N fmm the WWS supplement was less degradable in the rumen and more likely to pass to the small intestine.
Ileal and rectal N flows were greatest (P e .lo) for WWS, intermediate for SBM, and least for C. Hence, N flows indicate that intestinal extraction of N and amino acids from digesta may not be equal.
Small intestinal and hindgut N digestibilities did not differ between W S -and SBMsupplemented heifers (Table 2 ). Both small intestinal and hindgut digestion of N wexe greater (P < .lo) for C-than for WWS-and SBM-supplemented heifers. Moreover, apparent ruminal N digestion, although negative for was similar between WWS and SBM treateach treatment, was similar for W S -and SBM-supplemented heifers. Moreover, apparent ruminal N digestion, although negative for each treatment, was similar for W S and SBM and less (P e .lo) in heifers consuming control supplement. Total tract N digestion was reduced 6.5% (P < .lo) with WWS compared with SBM. Moreover, total N digestion by C heifers was less (P < .lo) than that by WWS-and SBM-supplemented heifers (Table 2) .
In general, N and purjne concentrations from isolated bacterial cells (Table 3) were less than those reported by Hespell and Bryant (1979) . Isolated bacterial cells from heifers consuming WWS and SBM had more (P < .lo) total N content than did those from C heifers. Bacteria cells from SBM-supple mented heifers had N values similar to those from WWS-supplemented heifers. Reasons for differences in N concentrations of bacteria cells are difficult to explain. Perhaps the slightly greater N intake associated with the WWS and SBM treatment ( was less (P < .lo) for C-than for W S -and SBM-supplemented heifers. Heifers fed W S and SBM tended to have greater (P < .15) microbial efficiencies (g of microbial N/kg of OM truly fermented) than C heifers.
Individual EAA and NEAA intakes were fixed because of limit feeding and are shown
in Tables 4 and 5 . In general, heifers fed W S -and SBM-based supplements had numerically greater individual amino acid (AA) intakes than did C heifers. Nonessential AA intakes followed EAA patterns and were numerically less for C-than for WWS-and SBM-supplemented heifers. Duodenal flows of EAA and NEAA were greater in heifers fed SBM and in those fed WWS than in C heifers.
Total duodenal NEAA tended (P < .15) to be greater in W S -than in SBM-supplemented heifers. Individual M duodenal flows were less (P < .lo) in C-than in W S -and SBMsupplemented heifers for all AA measured except tryptophan. In the case of phenylalanine, valine, arginine, cystine, and alanine, WWS-supplemented heifers had greater (P < .lo) flows at the duodenum than those fed SBM. These data were not a result of differences in individual AA intakes (Tables 4  and 5 ). Indeed, intakes for phenylalanine, valine, arginine, E!EA, and NEAA were numerically less in WWS-than in SBM-supplemented heifers. Rather, elevated duodenal AA flows are probably best explained by changes in ruminal N transformations and enhanced feed escape N (Table 3) . Ileal flow of total EAA (gld, '%E = standard error of treatment means, n = 7 (one missing data point from each treatment). Phe = phenylalanine, vd = valine, Trp = tryptophan, Thr = threonine, ne = isoleacinc, Mat = methionine, His = histidine, Arg = arginine, Lys = lysine, and Lea = leucine.
kontrol differed from the mean of wws and SBM (P < .IO).
'WWS differed from SBM (P e .lo).
Specifically, flows of phenylalanine, valine, threonine, isoleucine, methionine, arginine, and leucine were greater (P < .lo) in heifers fed W S than in those fed SBM. Heifers fed either W S or SBM had greater (P < .lo) individual NEAA ileal flows than did controls. The NEAA flows to the ileum for W S -f e d heifers were greater (P < .lo) than for SBMfed heifers ( Small intestinal disappearances (g/d) of total EAA and NEAA were less (P < .lo) for C-than for W S -and SBM-supplemented heifers. Moreover, EAA disappearances (g/d) were similar between heifers fed WWS and SBM. Disappearance of NEAA was greater (P < .lo) for WWS-than SBM-supplemented heifers; these trends also were expressed in individual NEAA measured. Conversely, when AA disappearance was expressed as a percentage entering the small intestine, SBM-supplemented heifers had greater (P < .lo) values than W S -f e d heifers for cystine and alanine (Tables 4 and 5) . The discrepancy in AA disappearance expressed as a percentage entering the smaII intestine vs grams per day may be attributed to shifts in AA flows. For each individual AA measured, duodenal flows were numerically greater (except tryptophan) in W S -than in SBM-supplemented heifers. In the case of cystine, phenylalanine, valine, alanine, and arginine, these tendencies were ' S E = standard e-rror of treatment means, n = 7 (one missing data point in each treatment). Cys = cystine, Tyr = tyrosine, SIX = scriue, Asp = aspartic acid, Glu = glutamic acid, Pro = prolim, Gly = glycine, and Ala = alanine.
bControl differed from the mean of WWS and SBM (P < .lo). 'WWS differed from SBM (P < .lo). significant (P < .lo). Thus, it would seem that expressing our data in terms of grams per day provides a better evaluation of the ability of these particular protein supplements to provide digestible AA to the heifers; when comparing AA digestibility (g/d) no differences (P > .lo)
were noted between WWS-and SBM-supplemented heifers.
lrnpllcations
These data suggest that providing 50% of supplemental nitrogen from wash water solids does not alter the quantity of amino acids that disappear from the s m a l l intestine compared with heifers fed soybean meal-based supple ments. In addition, both supplements provided more amino acids to the small intestine and resulted in greater small intestinal disappearance than did a control (energy only) supple ment. Heifers fed wash water solids had greater feed escape nitrogen flow to the small intestine, suggesting that wash water solids were not as available for ruminal degradation as a soybean meal-based supplement. Based on our short-term studies, wash water solids may be used successfully as a protein supplement in heifers fed medium-quality hay diets. Data concerning concentrate diets would add to our understanding of potential uses of wash water solids.
